The clinical manifestations which follow postnatal, congenital, or vaccine-induced rubella infection are protean. Their pathogenetic mechanisms are not well understood in spite of extensive studies which began after Gregg's pioneering observation of rubella teratology (9) . Isolation of rubella virus in 1962 (17, 29) and the devastating epidemic of 1964 provided the tools and the impetus for further characterization of the disease and development of preventive vaccines. Since the licensure of live, attenuated rubella virus vaccine in 1969, more than 1 x 108 doses have been administered in the United States with a marked reduction in rubella and congenital rubella. Nevertheless, important questions remain unanswered about the safety and efficacy of the vaccines and the prognosis for thousands of children with congenital infection.
Intrauterine infection with rubella virus is chronic. Virus can be recovered at birth from most infants with the congenital rubella syndrome (5) . It may be excreted throughout infancy and has been recovered from lens material of a 3-year-old child (14) . In a 4-year-old child, virus-specific immunoglobulin M (IgM) antibody was reported in cerebrospinal fluid (27) , and in a child with the congenital syndrome who developed Hashimoto's disease at age 5, rubella anti- gen was demonstrated by immunofluorescence in thyroid tissue (34) . In progressive rubella panencephalitis (PRP), a slow virus disease attributed to rubella (31, 32) , virus has been recovered from both brain (7) and circulating mononuclear cells (33) more than a decade after the initial infection. Therefore, the ability of rubella to persist for extended periods of time and to cause symptomatic chronic infection in specific cases is well documented.
This problem of viral persistence was raised during the initial testing of the live vaccine. Although vaccinates were shown to shed small quantities of virus from their nasopharynx for up to a month, vaccinates are not contagious. However, attenuated strains can infect placental tissues and the fetus (13, 25) . Serological evidence of congenital infection has been reported in four infants whose mothers were vaccinated early in pregnancy (11) . Additionally, virus-specific IgM has been detected for months to years after both natural infection (15, 18) and vaccination (1), and rubella virus has been isolated from circulating lymphocytes up to 5 weeks (2) , and perhaps as late as 2 years (3), after vaccination.
Recently we have documented the presence of circulating immune complexes containing rubella-specific antibody and rubella antigen in two cases of PRP (6) . The 13 with maternal histories of clinical rubella, multiple stigmata of rubella in utero, and serological results compatible with the diagnosis of congenital rubella.
The vaccine group (age range, 7 to 37 years) included 65 individuals all of whom were seronegative before receiving rubella vaccine. Of these subjects, 14 were vaccinated initially with HPV77 DE5, and 45 were vaccinated initially with RA 27/3. Another three individuals were studied after revaccination (because of HAI antibody titers of <8). Each had been given HPV77 DE5 once in the past. Two were then studied after RA 27/3 immunization, and one received a second dose of HPV77 DE5. Three other individuals received RA 27/3 vaccine when they were found to have rubella HAI antibody titers of <8 in spite of two previous doses of HPV77 DE5. Blood was collected by venipuncture into a sterile tube, allowed to clot for 30 min at room temperature, and then centrifuged. A sample of serum was used for the HAI antibody titer, and the remainder of the serum was stored as samples at -70°C until time to study it for immune complexes.
Immune complex assay. Serum immune complexes were detected and quantified by a Raji cell assay (23) , modified as previously reported (6) . Briefly, 25 ,il of serum was diluted 1:4 with calcium-and magnesiumfree phosphate-buffered saline and incubated for 30 min at 37°C with a 1:4 dilution of normal human serum to ensure binding of complement to the complexes. The same source of normal human serum was used throughout this study. Portions of each sample (25 ,il) were then added to triplicate tubes containing 2 x 106 Raji cells in 50 ,u of 1% bovine serum albuminphosphate-buffered saline. After a 45-min incubation at 37°C, the cells were washed three times with phosphate-buffered saline, and an optimum amount of 125I-labeled staphylococcal protein A (Amersham Corp., Arlington Heights, Ill.) was added to measure bound complexed IgG. The assay was quantitated by plotting a curve of binding produced by known amounts of heat-aggregated human globulin. Test samples were recorded in microgram equivalents of heataggregated human globulin per milliliter (±g/ml). With this method, as little as 18 p.g/ml can be detected in serum.
Dissociation of immune complexes and determination of rubella antibody activity. Immune complexes were dissociated by elution from Raji cell surfaces as previously reported (6) . In brief, 0.4 ml of serum was incubated with 3 x 107 Raji cells for 45 min at 37°C. Cells were washed well, and bound complexes were eluted and dissociated by the addition of 0.3 ml of 0.1 M sodium borate, pH 10, for 10 min at 37°C. The cells were then sedimented, and rubella antibody activity in the eluates was assayed directly by radioimmunoassay as previously detailed with commercial Rubelisa plates (Microbiological Associates, Walkersville, Md.). In brief, 0.1 ml of eluate from each sample was added to a rubella antigen-coated well and a control well. After a 2-h incubation period to allow antibody to bind to the antigen, the wells were washed and 1251I-labeled protein A was added. After a second 1-h incubation period, the wells were thoroughly washed, and bound isotope was eluted with 2 N sodium hydroxide and counted in a gamma counter. Samples registering more than two standard deviations above the mean of all control wells were scored as positive for rubella antibody activity. All immune complex and rubella-specific immune complex assays were run on coded sera. Reliability of the results was confirmed by frequent inclusion of samples of the same sera in multiple tests.
RESULTS
Serum immune complex activity. The incidence of detectable circulating immune complexes of unknown specificity is shown in Table  1 . Totals of 13 of 43 rubella-susceptible and 24 of 87 naturally immune subjects had immune complex levels of at least 18 pug/ml. However, 55 pregnant females were included in these groups, 21 of whom had detectable circulating immune complexes. When pregnant subjects are excluded, 16 of the remaining 75 control subjects had detectable complexes. In comparison, 44 of the 65 subjects in the vaccine group and 31 of the 63 congenital rubella subjects had circulating immune complex activity.
Rubella-specific immune complexes. Raji cell surfaces were used as immunoadsorbants to purify immune complexes from sera shown to contain complexes of unknown specificity. Rubella antibody activity in the complexes was then assessed after elution and dissociation of the complexes from the Raji cells. None of the immune complexes from the susceptible or naturally immune group contained rubella antibody ( Table 2 ). In contrast, rubella antibody was detected in the complexes of 39 of 44 rubella vaccinates and 21 of 31 congenital infection subjects. There was no correlation between the presence or absence of detectable rubella antibody in the immune complexes and either the level of immune complexes of unknown specificity or rubella HAI antibody titers in whole serum.
Congenital rubella group. The incidence of rubella-specific immune complexes and immune VOL. 36, 1982 on August 27, 2017 by guest http://iai.asm.org/ complexes of unknown specificity was compared in patients with different stigmata of congenital rubella (Table 3) . No significant differences were observed with regard to the static stigmata of congenital rubella (i.e., deafness, cataract, heart disease, and mental retardation). However, when the entire group was screened clinically and by a battery of blood tests, 10 immune complexes containing both rubella antigen and antibody were demonstrated in the two patients examined (6) . The significance of this finding is not yet clear; however, perivascular deposits in brain are a consistent feature of the disease and could represent local complex deposition (24a). In the late-onset rubella syndrome of infancy, immune complexes which appeared to contain rubella antigen by fluorescence staining were found by Tardieu et al. (22) during the acute phase of the disease in the serum of six patients. These investigators suggested that deposition of circulating immune complexes might account for the vasculitis observed in lung and skin and that careful monitoring of infants exposed in utero to rubella for the presence of circulating complexes might be indicated in order to detect and treat any active process as soon as possible.
Congenital rubella was originally felt to be a static condition. More recent studies have recognized that it can be a progressive disorder with further damage inflicted on its victim over the years (19) . In this study, 21 of 63 patients with congenital rubella had rubella antibody containing circulating immune complexes years after birth. However, all 10 children with new clinical problems including evidence of damage to the brain, kidneys, liver, thyroid, eyes, skin, and pancreas, potential target organs for immune complex deposition, were shown to have rubella-specific immune complexes. Perhaps these patients harbor persistent virus with continuous or intermittent complete or defective viral replication and secondary complex formation.
Although pharyngeal excretion after rubella vaccination is brief, ongoing viral replication may be more persistent in other cells as has been reported with unattenuated virus. The vaccine strains produce immunological reactions similar to those following natural infection: suppression of lymphocyte transformation (26) , induction of macrophage inhibition factor production (12), mediation of virus-infected cell lysis (20) , production of IgG, IgA, and IgM antibody responses (1) , and chronic infection of placenta and fetus. There have been reports of sustained IgM responses following vaccination (1), and virus has been isolated from lymphocytes for varying intervals after vaccination (2, 3) .
This study has shown that rubella-specific immune complex formation is frequent after vaccination and could be demonstrated in twothirds of an unselected group of vaccinates for as long as 8 months after vaccination. We did not attempt to show the presence of viral antigens in these complexes; however, the prolonged persistence of immune complexes containing rubella antibody after vaccination suggests that the attenuated virus strains commonly persist in some form for many months. Continued access of virus or viral products to the intravascular compartment in the presence of a developing virus-specific antibody response could account for the generation of the immune complexes. This would also explain the findings of rather prolonged virus isolation and persistent IgM antibody after vaccination.
Vaccination with attenuated rubella virus is associated with complication rates ranging from limited, lasting no more than 3 days. Of the reactions, transient arthralgia and recurrent arthritis cause the most concern. The high incidence of side effects has never been explained. Previous studies have found no correlation between side effects and higher antibody response, prolonged IgM response (24) , human leukocyte antigen type, or persistent viral excretion (10) . However, the vaccine has been shown to be capable of replicating in synovial tissue culture (8) , and virus has been recovered from the joint aspirates of vaccinates (28) . In one study of four children with repeated bouts of arthritis after vaccination, all had rubella-specific IgG in their joint aspirates several months after immunization; in three of the four children, virus was isolated from joint fluid as well (16) . A second study looked at 15 children who developed postvaccine arthralgias compared with a control asymptomatic group (4). The only consistent immunological difference was a decreased lymphoproliferative response to rubella in the symptomatic group. The authors postulated a possible role for blocking factors such as immune complexes but did not screen for them. In the present study, the incidence of vaccine joint reaction was twice as high in the rubella-specific immune complex group, but many patients who had complexes experienced no side effects. It may be that a critical mass or size of complexes or both must be reached or that some other predisposing factor(s) must be present for complex deposition to provoke arthralgia or arthritis. Whether arthralgia can occur without circulating immune complex activity is now known. None of the subjects without complexes who developed arthralgia in this study were tested at the time they were symptomatic.
Of our control group patients, 20% had immune complexes of unknown specificity, and this figure increased to 30% if all susceptible or naturally immune pregnant women were included. These observations of detectable circulating immune complexes in nonpregnant, apparently healthy individuals are similar to those reported by others using the Raji cell and other assay systems (21, 30) . Further, in our subjects, the presence or absence of immune complexes of unknown specificity did not correlate with their rubella serological status. Correlations with rubella clinical status emerged only after rubella specificity of the complexes was determined.
In summary, our data indicate that rubellaspecific immune complexes are frequently present in patients with congenital rubella years after birth, and these complexes are associated with the development of new clinical symptoms. Specific complexes also are formed in the majority of patients who receive the live attenuated vaccine and were found in all revaccinates looked at. Their presence was associated with a higher incidence of postvaccination arthralgia. These findings add another dimension to the study of the pathogenesis of rubella, congenital rubella, rubella immunization, and their respective complications. Further study may influence the management of children with congenital rubella as well as the recommended immunization policy.
